Tumors create a unique immunosuppressive microenvironment (tumor microenvironment, TME) whereby leukocytes are recruited into the tumor by various chemokines and growth factors 1, 2 . However, once in the TME, these cells lose the ability to promote anti-tumor immunity and begin to support tumor growth and down-regulate anti-tumor immune responses [3] [4] . Studies on tumor-associated leukocytes have mainly focused on cells isolated from tumor-draining lymph nodes or spleen due to the inherent difficulties in obtaining sufficient cell numbers and purity from the primary tumor. While identifying the mechanisms of cell activation and trafficking through the lymphatic system of tumor bearing mice is important and may give insight to the kinetics of immune responses to cancer, in our experience, many leukocytes, including dendritic cells (DCs), in tumor-draining lymph nodes have a different phenotype than those that infiltrate tumors 5, 6 . Furthermore, we have previously demonstrated that adoptively-transferred T cells isolated from the tumor-draining lymph nodes are not tolerized and are capable of responding to secondary stimulation in vitro unlike T cells isolated from the TME, which are tolerized and incapable of proliferation or cytokine production 7, 8 . Interestingly, we have shown that changing the tumor microenvironment, such as providing CD4 + T helper cells via adoptive transfer, promotes CD8 + T cells to maintain pro-inflammatory effector functions
. However, once in the TME, these cells lose the ability to promote anti-tumor immunity and begin to support tumor growth and down-regulate anti-tumor immune responses [3] [4] . Studies on tumor-associated leukocytes have mainly focused on cells isolated from tumor-draining lymph nodes or spleen due to the inherent difficulties in obtaining sufficient cell numbers and purity from the primary tumor. While identifying the mechanisms of cell activation and trafficking through the lymphatic system of tumor bearing mice is important and may give insight to the kinetics of immune responses to cancer, in our experience, many leukocytes, including dendritic cells (DCs), in tumor-draining lymph nodes have a different phenotype than those that infiltrate tumors 5, 6 . Furthermore, we have previously demonstrated that adoptively-transferred T cells isolated from the tumor-draining lymph nodes are not tolerized and are capable of responding to secondary stimulation in vitro unlike T cells isolated from the TME, which are tolerized and incapable of proliferation or cytokine production 7, 8 . Interestingly, we have shown that changing the tumor microenvironment, such as providing CD4 + T helper cells via adoptive transfer, promotes CD8 + T cells to maintain pro-inflammatory effector functions 5 . The results from each of the previously mentioned studies demonstrate the importance of measuring cellular responses from TME-infiltrating immune cells as opposed to cells that remain in the periphery. To study the function of immune cells which infiltrate tumors using the Miltenyi Biotech isolation system 9 , we have modified and optimized this antibody-based isolation procedure to obtain highly enriched populations of antigen presenting cells and tumor antigen-specific cytotoxic T lymphocytes. The protocol includes a detailed dissection of murine prostate tissue from a spontaneous prostate tumor model (TRansgenic Adenocarcinoma of the Mouse Prostate -TRAMP) 10 and a subcutaneous melanoma (B16) tumor model followed by subsequent purification of various leukocyte populations.
Video Link
The video component of this article can be found at http://www.jove.com/video/3952/
Protocol

Isolation of Myeloid Cells from TRAMP Prostate Tumors
1. All procedures were performed under the guidance of an animal review board. TRAMP mice spontaneously develop autochthonous prostate tumors as a result of a transgene (SV40) controlled by the probasin promoter 10 . Any male mouse can be used for this procedure. While TRAMP tumors can be harvested at any age, it should be noted that TRAMP prostatic tumors generally remain small until the mice reach ages greater than 20 weeks. Euthanize mice by CO 2 asphyxiation. Remove the urogenital tract (UGT), by cutting open the peritoneal cavity and pulling back the adipose tissue. Adipose tissue is foamy, glistening looking tissue. 2. Locate the bladder; it lies directly between the two large, white seminal vesicles. Hold onto the bladder with forceps. Keeping the scissors closed, smooth away adipose tissue and locate the urethra. Cut down on the urethra as close to the pelvic girdle as possible and sever the vas deferens. While cutting down, simultaneously pull up on the bladder. This will release the entire UGT that can now be micro-dissected to obtain each of the lobes of the prostate. 3. Place the UGT in room temperature PBS. Use a dissecting microscope to visualize the UGT and clear away any excess adipose tissue.
Using forceps, hold onto the urethra and collect the ventral, lateral and anterior lobes of the prostate. Place the tissue in PBS while you collect the rest of the lobes. 4. Remove the seminal vesicles and discard. 5. Turn the remaining tissue 180°. Collect the ampullary gland and dorsal prostate lobes. 6. Using forceps, tease apart the prostate tissue and place it into the digestion (dissociation) buffer. 7. Place tumor tissue in 1 ml dissociation buffer (100 U/ml Collagenase type IV and 100 μg/ml DNase in RPMI + 10% FBS). Each tumor may require unique dissociation conditions; for TRAMP prostatic tumors, use 1 ml and for B16 tumors, use 5 ml (see below). Note: the grade of Collagenase (I-IV) will depend on the cell population to be isolated; myeloid cell isolation is best with type IV, whereas lymphocyte yield is higher using type I. 18. Collect unlabeled cells (pass-through) and wash the column a minimum of three (up to five) times with 500 μl volume for a total of 1.5-2.5 ml of fluid wash. Perform wash step 1 by adding MACs buffer to the column; it is important to keep the column flowing. As soon as the column drips the last drop, add more buffer. Do not let column stand without flow or allow it to run dry (this cannot be understated, as drying of the column can ruin purity and lead to significant loss of cell viability.). For wash step 2, rinse the column with dissociation buffer mix (containing Collagenase + DNase as described in step 1.7); this serves as a "harsher" wash step to flush out sticky debris from dead or dying tumor cells. Perform wash step 3 with MACs buffer; if the flow through does not look completely clear after wash step 3, continue to wash for 2 additional wash steps with MACs buffer (for a total of 5 washes). For large subcutaneous tumors (e.g., B16 melanoma), during the last wash step, apply gentle pressure with a gloved fingertip to the top of the column; this releases extra debris for a cleaner, purified cell population. This step is not required for solid tissue tumors such as prostate; instead, use extra wash steps, washing a total of at least 5-6 times. 19. Remove column from the magnetic separator and place it on a suitable collection tube. Pipette 2 ml of buffer onto the column. Collect the magnetically labeled cells by firmly applying the plunger supplied with the column. 20. Count cell number and confirm purity for the selected cell population by flow cytometric analysis. For the identification of DC populations, suggested markers include CD45, CD11c, PDCA-1, B220 and CD11b. Suggested macrophage markers include CD45, CD11b, F4-80, and Ly6C.
Isolation of Adoptively Transferred T cells from Subcutaneous B16 Melanoma Tumors
This protocol works best with tumors that are 250 mm 2 or less (estimated by measuring bisecting diameters of the tumor).
1. B16 tumor cells were injected subcutaneously into C57BL/6 mice and tumor measurements were recorded every 2 days 8. Mice with tumors measuring 250 mm 2 are euthanized by CO 2 asphyxiation. Using autoclaved surgical instruments rinsed with 70% ETOH, cut tumor into small (< 3mm) pieces and incubate in 5 ml dissociation solution (RPMI medium supplemented with 5% FBS, Collagenase type I (200 U/ml) and DNase I (100 μg/ml)) for 30 min at 37 °C, Pipetting (using a 1,000 μl pipet tip) and vortexing every 10 minutes during the incubation. If myeloid cells will be subsequently isolated, substitute 5% FBS and Collagenase type I with 10% FBS and Collagenase type IV (200 U/ml), respectively. 2. After incubation, pass cell suspension through a 70 μm cell strainer and wash twice with 10 ml MACs buffer (prepared per manufacturer's instructions, Miltenyi Biotech). Optional -for very large tumors (>300 mm 2 ), inflammatory cells can be pre-enriched using density gradient centrifugation (Percoll or Ficoll). , use 1 ml buffer. 10. Place one LC (Large Cell) column in the magnetic field separator. Tumor cell suspensions flow best through these columns. Rinse the column with 500 μl MACs buffer to prime the column. Most tumors will also flow through LS and LD columns, but require further digestion and mechanical disruption to achieve the appropriate level of single cell suspension. Wash the column with 1 ml MACs buffer to prime the column. 11. Apply cell suspension onto the column and allow to completely flow through (without letting the column run dry). Next, wash with 500 μl MACs buffer, and repeat washing 3x. Only add new buffer when the column reservoir is empty, but do not let the column stand without flow. This will cause clogging and diminished purity. 12. This is a critical step for large subcutaneous tumors: After the last wash step, with a gloved finger tip, apply gentle pressure to the top of the column while still on the magnetic separator. This releases extra debris for a more purely enriched population. Next, wash the column 1 more time with 500 μl MACs buffer. 13. Remove column from the separator and place it in a clean 15 ml conical tube, add 2 ml MACs buffer onto the column. Flush out the magnetically-labeled cells by firmly pushing the plunger into the column. 14. Centrifuge the eluted fraction at 400 xg for 5 min. Purity at this step is typically between 75-80%. To achieve >90% purity, repeat the magnetic separation procedure as described in step 1.10-1.12 using a new MS column. The MS column is smaller and more compact so the suspension will run more slowly through the column, but will yield higher numbers and purity of the cell of interest.
Representative Results
The yield of a particular cell population (i.e. macrophages, DC, T cell, etc.) will vary depending on the size of the tumor and treatments that were administered during tumor growth. A prostate from an untreated 14-16 week old TRAMP mouse should yield between 8x10 ). Very few antigen-specific T cells infiltrate the tumor unless an antigenpulsed DC vaccine is also given one day after T cell transfer. If a DC vaccine is administered to a mouse bearing a small, palpable (< 50 mm 2 ) tumor, a yield of approximately 3x10 5 Thy1.1 + T cells, with a purity of 80-85%, would be considered a "good" harvest as shown in Figure 2A .
However, if larger tumors are harvested, total yield and purity will be reduced. tumors at 80-90% purity. Reduced purity is usually a result of not clearing the tumors cells from the column.
Step 2.12 is a critical step to remove the small clump of melanoma cells that persists at the base of the column. Following this step improves the effectiveness of the wash steps and results in better purity. 
Discussion
This protocol can be modified, based on the size and source of the tumor (subcutaneous, spontaneous tumor, or orthotopic tumors). For larger tumors, it is recommended to increase the amount of dissociation buffer, MACs buffer, and number of washes. The heartiness of the cells isolated can depend on the TME from which they are being enriched. For example, in our experience, cells isolated from spontaneous prostate tumors require gentler dissociation than cells isolated from subcutaneous B16 melanoma tumors. During dissection of the tumor, eliminate as much adipose, skin, or other debris that can prevent effective enzymatic dissociation. It is critical to completely digest tumor masses and obtain a single cell suspension to ensure proper Ab labeling and to prevent columns from clogging. For myeloid cell isolation, the amount of fetal bovine serum recommended in the MACs isolation buffer was increased from 2% to 10% to improve cell viability. It is also essential to keep all buffers and cells cold throughout the protocol to prevent non-specific Ab binding and clogging of the column. In conclusion, to obtain highly enriched populations of antigen presenting cells and tumor antigen-specific cytotoxic T lymphocytes, we have modified and optimized an antibodybased isolation procedure utilizing the Miltenyi Biotech technology. Utilizing this protocol, both adoptively transferred and endogenous leukocyte populations may be enriched using Abs directed against cell type-specific surface markers. One advantage of the described procedures is the reduction of tumor debris carry-over following extensive and rigorous washing. This includes the use of collagenase in the wash buffer as well as identification of a point at which added pressure to the column can eliminate column clogs by tumor cells. Obtaining a sufficient number of immune cells from tissues, especially at a purity that is suitable for functional analysis, can be a difficult task. However, in our experience, the protocol herein yields the highest number of cells, at the greatest purity, with the most consistency.
